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Materials 
Unless otherwise stated, all chemicals were used as received. The solvents used were of 
either HPLC or AR grade; these included dichloromethane (DCM, Aldrich AR grade), N,N-
dimethylformamide (DMF, Aldrich, AR grade), tetrahydrofuran (THF, Labscan, HPLC 
grade), DMSO (Aldrich, 99.9%), chloroform (Emsure, ACS), acetone (ChemSupply, AR), 
petroleum spirit (BR 40 – 60 °C, Univar, AR), ethyl acetate (ChemSupply, AR), acetonitrile 
(LC-MS Chromasolv) and N,N-dimethylacetamide (Aldrich, >99%). Activated basic alumina 
(Aldrich: Brockmann I, standard grade, ~ 150 mesh, 58 Å), magnesium sulphate (anhydrous, 
Scharlau, extra pure), Milli-Q water (Biolab, 18.2 MΩm), sodium dodecyl sulphate (SDS, 
Aldrich, 99 %), N,N′-dicyclohexylcarbodiimide (DCC, Aldrich, 99%), N-hydroxysuccinimide 
(NHS, Aldrich, 98%), 4-(dimethylamino)pyridine (DMAP, Merck, 99%), 1-butanethiol 
(Aldrich, 99%), propargyl alcohol (Aldrich, 99%), Aldrithiol™-2 (DPDS, Aldrich, 98%), 
5,5’-dithiobis(2-nitrobenzoic acid) (Ellman’s reagent, Aldrich, ≥ 98%), 2-mercaptoethanol 
(Merck, >98%), dimethylphenyl phosphine (DMPP, 99%), p-toluenesulfonyl chloride 
(Aldrich, >99%), sodium azide (Aldrich, 99.5%), L-glutathione reduced (Aldrich, >98%), 1-
thioglycerol (Aldrich, >97 %), lithium chloride (Aldrich, 99 %), tripotassium phosphate 
(Aldrich, ≥98%), sodium hydrogen carbonate (Aldrich, 99.5 %), hydrochloric acid (36 %, 
Ajax, AR), carbon disulfide (Aldrich, >99.9%), 2-bromo-2-methylpropionic acid (Aldrich, 
98%) and methyl-2-bromopropionate (MBP, Aldrich, 98%) were used as received. Styrene 
(STY, Aldrich, >99 %) and N,N-dimethylacrylamide (DMA, Aldrich, >99%) were passed 
through a basic alumina column to remove inhibitor. N-isopropylacrylamide (NIPAM, 
Aldrich, 97 %) was recrystallized from n-hexane/toluene (9/1, v/v), and 
azobisisobutyronitrile (AIBN, Riedel-de Haen) was recrystallized from methanol twice prior 
to use. PEG-N3 was synthesized according to the previous report
1. 0.1 M Phosphate buffer 
solution pH 8 was prepared according to the following procedure: 0.523 g of potassium 
dihydrogen phosphate (Aldrich, ≥99.0%) and 16.73 g of dipotassium hydrogen phosphate 
(Aldrich, ≥98%) were dissolved in 1 L of Milli-Q water. 
 
Measurements 
Nuclear Magnetic Resonance (NMR) 
All NMR spectra were recorded on a Bruker DRX 300 MHz or 500 MHz spectrometer using 
an external lock (CDCl3) and referenced to the residual nondeuterated solvent (CHCl3). 
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Size Exclusion Chromatography (SEC) and Triple Detection−Size Exclusion 
Chromatography (TD-SEC) 
Analysis of the molecular weight distributions of the polymers were determined using a 
Polymer Laboratories GPC50 Plus equipped with differential refractive index detector. 
Absolute molecular weights of polymers were determined using a Polymer Laboratories 
GPC50 Plus equipped with dual angle laser light scattering detector, viscometer, and 
differential refractive index detector. HPLC grade N,N-dimethylacetamide (DMAc, 
containing 0.03 wt % LiCl) was used as the eluent at a flow rate of 1.0 mL/min. Separations 
were achieved using two PLGel Mixed B (7.8 × 300 mm) SEC columns connected in series 
and held at a constant temperature of 50 °C. The triple detection system was calibrated using 
a 5 mg/mL 110 K PSTY standard. Samples of known concentration were freshly prepared in 
DMAc + 0.03 wt % LiCl and passed through a 0.45 µm PTFE syringe filter prior to injection. 
The absolute molecular weights and dn/dc values were determined using Polymer 
Laboratories Multi Cirrus software based on the quantitative mass recovery technique. 
Matrix Assisted Laser Desorption Ionisation Time of Flight Mass Spectroscopy 
(MALDI-ToF) Mass Spectrometry 
The MALDI spectrum was recorded using a Bruker autoflex III smartbeam operated in 
reflection mode. Ions were accelerated at a potential of 20kV with a nitrogen laser emitting at 
337 nm. Three stock solutions were made: (i) a polymer solution in THF (1 mg/mL), (ii) 
NaTFA in THF (1 mg/mL), and (iii) DCTB (T-2-(3-(4-t-Butyl-phenyl)-2-methyl-2-
propenylidene) malononitrile) in THF (20 mg/mL). A solution containing 20 µL of the 
polymer solution, 20 µL of the DCTB solution and 2 µL of the NaTFA solution were mixed 
in an eppendorf tube, vortexed and centrifuged. 1 µL of this solution was placed on the 
sample plate spot, dried at ambient condition and placed in the machine for measurement. 
UV-Vis spectrometer 
UV-Vis absorption spectra were recorded on a UV-Vis Cary 4000 spectrophotometer at 25 
°C. 
Dynamic Light Scattering (DLS) 
Dynamic Light Scattering measurements were performed using a Malvern Zetasizer Nano 
Series 3000HS running DTS software operating a 4 mW He-Ne laser at 633 nm. Analysis 
was performed at an angle of 173o. The sample refractive index (RI) was set at 1.59 for 
polystyrene. The dispersant viscosity and RI for water were set to 0.4071 mP (70 °C) and 
1.33 Ns/m2, respectively. The number average hydrodynamic particle size and particle size 
distribution (PSD) were reported. The PSD was used to describe the width of the particle size 
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distribution. It was calculated from a cumulate analysis of the DLS measured intensity 
autocorrelation function and related to the standard deviation of the hypothetical Gaussian 
distribution (i.e. PSDDLS = σ
2/ZD
2, where σ is the standard deviation and ZD is the Z average 
mean size).  
For determination of the lower critical solution temperature (LCST) of all PNIPAM 
MacroCTAs, the polymer MacroCTAs were dissolved in Milli-Q water in an ice bath at a 
concentration of 5 mg/mL or 53.8 mg/mL, and SDS was added at a concentration of 0.21 
mg/mL or 2.23 mg/mL, respectively. The solution was then filtered using a 0.45 µm cellulose 
syringe filter directly into a DLS cuvette. The polymer solution was cooled to 5 °C and the 
cuvette placed in DLS. The measurement was carried out by slowly increasing the 
temperature from 5 to 70 °C at a ramp rate controlled by the SOP software.  
Transmission Electron Microscopy (TEM) 
The polymer latex was analysed using a JEOL-1010 transmission electron microscope 
utilizing an accelerating voltage of 100 kV with spot size 5 at ambient temperature. 
Typically, a TEM grid preparation was as follows: the nanostructure samples were diluted 
with Milli-Q water at 34 °C to approximately 0.05 wt%. A formvar preheated (34 °C) copper 
TEM grid was then dipped in the diluted solution, blotted the excess solution by filter paper 
and then dried at 34 °C. 
 
Synthesis of methyl 2-butylthiocarbonothioylthio)propanoate trithiocarbonate chain 
transfer (RAFT) agent (MCEBTTC, R1-SC(=S)SC4H9) 
 
Carbon disulfide (6.18 ml, 0.103 mol) was dissolved in 50 mL of dichloromethane, and added 
dropwise to a stirred solution of 1-butanethiol (10 ml, 0.093 mol) and triethylamine (14.3 mL, 
0.103 mol) in dichloromethane (100 mL) under argon over a 30 min period at 0 °C. The 
solution gradually turned yellow upon addition. The solution was then stirred at 25 °C for 1 
h. Methyl bromopropionate (11.46 mL, 0.103 mol) in dichloromethane (50 mL) was then 
added dropwise to this solution over a 30 min period and the solution was further stirred for 2 
h. The dichloromethane solvent was removed by blowing with a nitrogen flow and the 
residue dissolved in diethyl ether. The solution was then washed with cold 10 % HCl solution 
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(3 x 50 mL) and MilliQ water (3 x 50 mL) and then dried over anhydrous MgSO4. The ether 
was then removed under a vacuum using rotary evaporation and the residual yellow oil was 
purified using column chromatography (19:1 petroleum ether/ethyl acetate on silica, Rf = 
0.56). Yield is 78 %. 1H NMR (CDCl3, 298K, 300 MHz) δ(ppm): 4.84 (q, J = 7.37 Hz, 1H, -
C(=S)S-CH(-COOCH3)-CH3), 3.73 (s, 3H, -CH(-CH3)-COOCH3), 3.36 (t, J = 7.39 Hz, 2H, 
CH3CH2CH2CH2S-), 1.65 (m, 2H, CH3CH2CH2CH2S-), 1.62 (d, J = 7.32 Hz, 3H, -C(=S)S-
CH(-COOCH3)-CH3), 1.43 (m, 2H, CH3CH2CH2CH2S-), 0.92 (t, J = 7.32 Hz, 3H, 
CH3CH2CH2CH2S-); 
13C NMR (CDCl3, 298K, 75 MHz) δ(ppm): 171.63, 52.82, 47.68, 36.94, 
29.89, 22.02, 16.91, 13.55. 
 
Figure S1. 
1H NMR spectrum of MCEBTTC in CDCl3 
 
Figure S2. 
13C NMR spectrum of MCEBTTC in CDCl3 
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Synthesis of carboxylic acid functional RAFT agent (Acid-RAFT) 
 
The 2-(((butylthio)carbonothioyl)thio)-2-methylpropanoic acid was synthesized by the 
following procedure. A mixture of tripotassium phosphate (16.6 g, 7.82 x 10-2 mol) and 
acetone (130 mL) was stirred for 6 h, then 1-butanethiol (8 mL, 7.42 x 10-2 mol) and carbon 
disulphide (9.1 mL, 1.51 x 10-1 mol) were added into the solution and stirred for 2 h. After 
this period, 2-bromo-2-methylpropionic acid (11.7 g, 7.0 x 10-2 mol) was added in small 
portions to a stirred solution over a 30 min period at 0 °C under an argon atmosphere. The 
reaction was stirred overnight and heated to 25 °C. The reaction mixture was filtered to 
remove the solid and concentrated under a nitrogen flow at 25 °C. The solution was then 
washed with cold 10% HCl solution (3 x 50 mL) and distilled water (2 x 50 mL) and dried 
over anydrous MgSO4. The solvent was removed by rotary evaporation, and the residual 
crude product was purified by silica column chromatography with petroleum spirit/ethyl 
acetate (3/2, v/v) as eluent (Rf = 0.51). The product was then recrystallized from n-hexane, 
dried under the vacuum at 25 °C, and orange solid product was obtained with the yield as 
68.5 %. 
1H NMR (CDCl3, 298K, 300 MHz) δ(ppm): 3.27 (t, 2H, J=7.38 Hz; CH3CH2CH2CH2S-), 
1.70 (s, 6H, (CH3)2-), 1.64 (m, 2H, CH3CH2CH2CH2S-), 1.41 (m, 2H, CH3CH2CH2CH2S-), 
0.90 (t, 3H, J = 7.31 Hz, CH3CH2CH2CH2S-); 
13C NMR (CDCl3, 298K, 75 MHz) δ(ppm): 
178.9, 55.6, 36.7, 29.8, 25.2, 22.1, 13.6. 
 
Figure S3. 
1H NMR spectrum of Acid-RAFT in CDCl3 
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Figure S4. 
13C NMR spectrum of Acid-RAFT in CDCl3 
 
Synthesis of alkyne functional RAFT agent (Alk-RAFT, R3-SC(=S)SC4H9) 
 
Acid-RAFT (5.0 g, 0.02 mol), propargyl alcohol (1.68 g, 0.03 mol), DCC (6.13 g, 0.03 mol) 
and DMAP (0.363 g, 0.003 mol) were dissolved in 50 mL of DCM. The solution was cooled 
to 0 °C in an ice bath. The reaction mixture was heated to room temperature and stirred for 24 
h. DCM was removed by rotary evaporation. The residue was redispersed in diethyl ether and 
filtered. The filtrate was washed with sodium hydrogen carbonate solution (2 x 30 mL), water 
(1 x 30 mL). The organic phase was dried over anhydrous MgSO4. The solvent was removed 
by rotary evaporation and the residual yellow oil was purified by silica column 
chromatography (20/3 n-hexane/ethyl acetate, Rf = 0.54), yield is 70%.  
1H NMR (CDCl3, 298K, 300 MHz) δ(ppm): 4.69 (d, 2H, J = 2.52 Hz, CH≡CCH2-), 3.27 (t, 
2H, J = 7.39 Hz, CH3CH2CH2CH2SC(=S)-), 2.45 (t, 2H, J = 2.46 Hz, CH≡CCH2-), 1.70 (s, 
6H, (CH3)2-), 1.64 (m, 2H, CH3CH2CH2CH2SC(=S)-), 1.39 (m, 2H, CH3CH2CH2CH2S(C=S)-
), 0.9 (t, 3H, J = 7.31 Hz, CH3CH2CH2CH2S(C=S)-CH3); 
13C NMR (CDCl3, 298K, 75 MHz) 
δ(ppm): 221.0, 172.3, 75.1, 55.6, 53.3, 36.7, 29.9, 25.2, 22.1, 13.6. 
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Figure S5. 
1H NMR spectrum of Alkyne-RAFT in CDCl3 
 
Figure S6. 
13C NMR spectrum of Alkyne-RAFT in CDCl3 
 
 
Synthesis of pyridyl disulfide functional RAFT agent (PDS-RAFT, R2-SC(=S)SC4H9) 
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Acid-RAFT (2.52 g, 0.01 mol), hydroxyethyl pyridyldisulfide2 (2.0 g, 0.011 mol), DCC (4.12 
g, 0.02 mol) and DMAP (0.112 g, 9.18 x 10-4 mol) were dissolved in 50 mL of DCM. The 
solution was cooled to 0 °C in an ice bath. The reaction mixture was heated to 25 °C and 
stirred for 24 h. DCM was removed by rotary evaporation. The residue was redispersed in 
diethyl ether and filtered. The filtrate was concentrated to a viscous residual by rotary 
evaporation and purified by silica column chromatography (4/1 petroleum spirit/ethyl acetate, 
Rf = 0.55), yield is 63 %. 
1H NMR (CDCl3, 298K, 500 MHz) δ(ppm): 8.46 (m, 1H, Ar-H), 
7.72 (m, 1H, Ar-H), 7.65 (m, 1H, Ar-H), 7.09 (m, 1H, Ar-H), 4.35 (t, 2H, J = 6.35 Hz, -
OCH2CH2-SS-), 3.27 (t, 2H, J = 7.42 Hz, CH3CH2CH2CH2S(C=S)-), 3.03 (t, 2H, J = 6.37 Hz,  
OCH2CH2-SS-), 1.69 (s, 6H, (CH3)2-), 1.41 (m, 2H, CH2), 1.63 (m, 2H,  
CH3CH2CH2CH2SC(=S)-), 1.37 (m, 2H, CH3CH2CH2CH2S(C=S)-), 0.9 (t, 3H, J = 7.35 Hz, 
CH3CH2CH2CH2S(C=S)-); 
13C NMR (CDCl3, 298K, 125 MHz) δ(ppm): 172.7, 159.8, 149.6, 
137.0, 120.7, 119.7, 63.3, 55.7, 37.1, 36.0, 29.8, 25.3, 22.0, 13.5. 
 
Figure S7. 
1H NMR spectrum of PDS-RAFT in CDCl3. ⃰ - residual EtOAc 
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Figure S8. 
13C NMR spectrum of PDS-RAFT in CDCl3 
 
Synthesis of R1-P(NIPAM44-co-STY1.5)-S(C=S)SC4H9 (MacroCTA-A) 
 
MacroCTA-A was synthesized by the following method. The concentration ratio of 
NIPAM/STY/RAFT (MCEBTTC)/AIBN was 44/1.1/1/0.1, and the ratio of DMSO to 
NIPAM was 2/1 (v/w). NIPAM (3 g, 2.65 x 10-2 mol), styrene (0.069 g, 6. 6 x 10-4 mol), 
MCEBTTC (0.1521 g, 6.03 x 10-4 mol) and AIBN (9.9 mg, 6.03 x 10-5 mol) were dissolved 
in DMSO (6 mL). The mixture was deoxygenated by purging with Argon for 40 min then 
heated at 60 °C and polymerized for 18 h. The reaction was stopped by cooling to 0 oC in an 
ice bath and exposed to air. The solution was then diluted with chloroform (200 mL) and 
washed five times with 40 mL of Milli-Q water. Note, if this is not done, the emulsion 
polymerizations using this and all other MacroCTAs in the next stage will not work 
effectively. The chloroform was then dried over anhydrous MgSO4, filtered and reduced in 
volume by rotary evaporation. The polymer was recovered by precipitation into large excess 
of diethyl ether (400  mL), isolated by filtration, and then dried under vacuum for 24 h at 
room temperature to get a yellow powder product (yield is 78 %). 
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Synthesis of R2-PNIPAM47-S(C=S)SC4H9 (MacroCTA-B) 
 
MacroCTA-B was synthesized as follows. A concentration ratio of NIPAM/PDS-
RAFT/AIBN was 44/1/0.1, and the ratio of DMSO to NIPAM was kept 2/1 (v/w). NIPAM (3 
g, 2.65 x 10-2 mol), PDS-RAFT (0.2538 g, 6.03 x 10-4 mol) and AIBN (9.9 mg, 6.03 x 10-5 
mol) were dissolved in DMSO (6 mL). The mixture was deoxygenated by purging with 
Argon for 40 min then heated at 60 °C and polymerized for 4.5 h. The reaction was stopped 
by cooling to 0 oC in an ice bath and exposed to air. The solution was then diluted with 
chloroform (200 mL) and washed with Milli-Q water (5x40 mL). The chloroform was then 
dried over anhydrous MgSO4, filtered and reduced in volume by rotary evaporation. The 
polymer was recovered by precipitation into large excess of diethyl ether (400  mL), isolated 
by filtration, and then dried under vacuum for 24 h at room temperature to get a yellow 
powder product (yield is 72 %). 
 
 
Synthesis of R1-P(NIPAM47-co-DMA33)-S(C=S)SC4H9 (MacroCTA-C) 
 
MacroCTA-C was synthesized as follows. A concentration ratio of 
NIPAM/DMA/RAFT/AIBN was 44/30/1/0.1, and the ratio of DMSO to NIPAM and DMA 
was 1.8/1 (v/w). NIPAM (3 g, 2.65 x 10-2 mol), DMA (1.792 g, 1.81 x 10-2 mol), MCEBTTC 
(0.1521 g, 6.03 x 10-4 mol) and AIBN (9.9 mg, 6.03 x 10-5 mol) were dissolved in DMSO (9 
mL). The mixture was deoxygenated by purging with Argon for 40 min then heated at 60 °C 
and polymerized for 16 h. The reaction was stopped by cooling to 0 °C in an ice bath and 
exposed to air. The solution was then diluted with chloroform (200 mL) and washed with 
Milli-Q water (5x40 mL). The chloroform was then dried over anhydrous MgSO4, filtered 
and reduced in volume by rotary evaporation. The polymer was recovered by precipitation 
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into large excess of diethyl ether (400  mL), isolated by filtration, and then dried under 
vacuum for 24 h at room temperature to get a yellow powder product (yield is 80 %). 
Synthesis of functional R2-P(NIPAM47-co-DMA32)-S(C=S)SC4H9 and R3-P(NIPAM43-co-
DMA31)-S(C=S)SC4H9 (MacroCTA-D and MacroCTA-E) 
 
MacroCTA-D and MacroCTA-E were synthesized by RAFT polymerization in DMSO at 60 
°C. The polymerization time was 4.5 h. The concentration ratio of 
NIPAM/DMA/RAFT/AIBN was 44/30/1/0.1, and the ratio of DMSO to NIPAM and DMA 
was 1.8/1 (v/w). Typically, NIPAM (3 g, 2.65 x 10-2 mol), DMA (1.792 g, 1.81 x 10-2 mol), 
PDS-RAFT (0.2538 g, 6.03 x 10-4 mol) and AIBN (9.9 mg, 6.03 x 10-5 mol) were dissolved 
in DMSO (9 mL). The mixture was deoxygenated by purging with Argon for 40 min then 
heated at 60 °C and polymerized for 4.5 h. The reaction was stopped by cooling to 0 °C in an 
ice bath and exposed to air. The solution was then diluted with chloroform (200 mL) and 
washed with Milli-Q water (5x40 mL). The chloroform was then dried over anhydrous 
MgSO4, filtered and reduced in volume by rotary evaporation. The polymer was recovered by 
precipitation into large excess of diethyl ether (400  mL), isolated by filtration, and then dried 
under vacuum for 24 h at room temperature to get a yellow powder product (yield is 82 %). 
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Table S1. Synthesis of functional MacroCTAs by RAFT polymerization at 60 °C in DMSO using AIBN as initiator 
a – The corresponding structures of the functional groups were shown in Scheme 1. b – Calculated based on 1H NMR by comparing integrations of polymers and residual monomers. Total 
conversion of polymer (Total) was calculated: for example for polymer (A), total conv. = [[(conv.(NIPAM) ͯ 44) + (conv.(STY) ͯ 1.1)]/(44+1.1)] ͯ 100; c – Mn (theory) = ([NIPAM]/[RAFT]) 
x conv. (NIPAM) x 113.16 + ([STY]/[RAFT]) x conv. (STY) x 104.15 + MRAFT; ([NIPAM]/[RAFT]) x conv. (NIPAM) x 113.16 + ([DMA]/[RAFT]) x conv. (DMA) x 99.13 + MRAFT. 
d – 
Molecular weights (Mn(NMR)) and number of repeating units were calculated from 
1H NMR. e – DMAc + 0.03 wt.% LiCl as eluent with polystyrene as calibration standard f – LCST is 
defined as the minimum temperature where all phases are soluble. LCST was measured in the presence of surfactant SDS (53.8 mg/mL polymer, 2.23 mg/mL SDS).  
MacroCTAa Conversionb Mn 
(theory)c 
 
Mn 
(1H NMR)d 
Average Repeating units 
(1H NMR)d 
SEC Triple 
detection 
(DMAc)e 
SEC RI (DMAc) LCST, 0Cf 
NIPAM 
(%) 
DMA 
(%) 
STY 
(%) 
Total 
(%) 
NIPAM DMA STY Mn PDI Mn PDI 
(A) R1-P(NIPAM44-co-STY1.5)-
S(C=S)SC4H9 
98 - 100 98.1 5330 5410 44 - 1.5 5180 1.04 10350 1.19 19 
(B) R2-PNIPAM47-S(C=S)SC4H9 90 - - 90 4880 5730 47 - - 5560 1.03 13950 1.17 21 
(C) R1-P(NIPAM47-co-DMA33)-
S(C=S)SC4H9 
98 100 - 98.8 8100 8830 47 33 - 8120 1.05 14070 1.19 63 
(D) R2-P(NIPAM47-co-DMA32)-
S(C=S)SC4H9 
92 98 - 94 7920 8830 47 32 - 7800 1.04 12850 1.21 57 
(E) R3-P(NIPAM43-co-DMA31)-
S(C=S)SC4H9 
93 99 - 95 7865 8230 43 31 - 7420 1.02 11750 1.23 57 
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Figure S9. SEC traces (RI detector) of functional MacroCTAs: (A) R1-P(NIPAM44-co-STY1.5)-S(C=S)SC4H9, 
(B) R2-PNIPAM47-S(C=S)SC4H9, (C) R1-P(NIPAM47-co-DMA33)-S(C=S)SC4H9, (D) R2-P(NIPAM47-co-
DMA32)-S(C=S)SC4H9, (E) R3-P(NIPAM43-co-DMA31)-S(C=S)SC4H9.  DMAc + 0.03 wt.% LiCl as eluent with 
polystyrene as calibration standard. 
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Figure S10. 1H NMR (CDCl3, 298 K, 500 MHz) spectra of functional MacroCTAs: (A) R1-P(NIPAM44-co-STY1.5)-
S(C=S)SC4H9, (B) R2-PNIPAM47-S(C=S)SC4H9, (C) R1-P(NIPAM47-co-DMA33)-S(C=S)SC4H9, (D) R2-P(NIPAM47-
co-DMA32)-S(C=S)SC4H9, (E) R3-P(NIPAM43-co-DMA31)-S(C=S)SC4H9. 
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Figure S11. MALDI-TOF mass spectra of MacroCTA-A (R1-P(NIPAM44-co-STY1.5)-S(C=S)SC4H9). 
(A) Full spectrum, (B) Expanded spectrum. 
 
  
 S18 
 
 
 
Figure S12. MALDI-TOF mass spectra of MacroCTA-B (R2-PNIPAM47-S(C=S)SC4H9). (A) Full 
spectrum, (B) Expanded spectrum. 
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Figure S13. LCST of all the PNIPAM MacroCTA in water measured by DLS. Concentrations: (A) 5 
mg/ml polymer, no SDS; (B) 5 mg/ml polymer, 0.21 mg/ml SDS; (C) 53.8 mg/ml polymer, 2.23 
mg/ml SDS. R1-MacroCTA-A: R1-P(NIPAM44-co-STY1.5)-S(C=S)SC4H9; R2-MacroCTA-B: R2-
PNIPAM47-S(C=S)SC4H9; R1-MacroCTA-C: R1-P(NIPAM47-co-DMA33)-S(C=S)SC4H9; R2-
MacroCTA-D: R2-P(NIPAM47-co-DMA32)-S(C=S)SC4H9; R3-MacroCTA-E: R3-P(NIPAM43-co-
DMA31)-S(C=S)SC4H9. 
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Synthesis of PDMA115-SH 
 
 
Synthesis of Poly(N,N-dimethylacrylamide).  
DMA (25 g, 0.252 mol), MCEBTTC (0.5296 g, 2.1 × 10−3 mol) and AIBN (29.3 mg, 1.8 × 
10−4 mol) were dissolved in 50 mL DMSO in dry Schlenk flask equipped with a magnetic 
stirrer bar. The mixture was deoxygenated by purging with argon for 60 min and then heated 
to 60 °C and polymerized for 15 h. The reaction was stopped by cooling to 0 °C in an ice bath 
and exposed to the air. The solution was then diluted with chloroform (500 mL) and washed 
with water (3 × 100 mL). The chloroform was then dried over anhydrous MgSO4, filtered and 
reduced in volume by rotary evaporation. The polymer was recovered by precipitation into a 
large excess of diethyl ether (1 L) and isolated by filtration. The polymer was redissolved in 
chloroform and precipitated in diethyl ether. The redissolving and precipitation process was 
repeated two times. The polymer was filtered and then dried under high vacuum for 24 h at 
room temperature to give a yellow powder product (yield =71%). Mn = 8564, PDI = 1.17 
(SEC-RI calibrated using PSTY standards in DMAc solution containing 0.03 wt % of LiCl), 
Mn = 11517, PDI = 1.01 (SEC-Triple detection in DMAc solution containing 0.03 wt % of 
LiCl, dn/dc = 0.088), Mn (
1H NMR) = 11652, 115 units of DMA. 1H NMR (CDCl3, 298 K, 
300 MHz) δ(ppm): 0.87 (CH3CH2CH2-), 1.09 (CH3-(CH-COO)-), 2.84−3.05 ((CH3)2-N-), 
3.29 (-CH2-S-(C=S)-S-), 3.60 (CH3O-(C=O)-), 5.14 (-(C=S)-S-CH-). 
 
Aminolysis of RAFT-PDMA115 
PDMA-RAFT (2 g, 1.74 x 10-4 mol) and DMPP (29.7 µL, 2.1 x 10-4 mol) were dissolved in 8 
mL of acetonitrile. The solution was purged with argon for 40 min. Hexylamine (0.184 mL, 
1.39 x 10-3 mol) was added via degassed syringe. The reaction was kept stirring for 2.5 h at 
25 °C. The yellow colour of the RAFT end group was disappeared and the solution was 
colourless. The solution was then precipitated in diethyl ether and redissolved in chloroform 
then precipitated again in diethyl ether. After repeating for two times, the filtered white 
powdery product was dried under vacuum for 24 h at 25 °C. Yield is 90 %.  
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The determination of thiol content of PDMA115-SH by Ellman’s reagent 
The thiol content was determined from the reaction with an Ellman’s reagent in PBS buffer 
(0.1 M) pH = 8. A solution of 0.14 mL of Ellman’s reagent (2 mg/ml, 7.065 x 10-7 mol, 1.6 
eq.) was added to the solution of 0.86 mL of PDMA115-SH (5.8 mg/ml, 4.37 x 10
-7 mol, 1 eq.) 
in PBS buffer. After stirring at 25 °C for 2 h, the solution was diluted 10 times with PBS 
buffer and the absorbance of the resulting thiol (2-nitro-5-thiobenzoate, ε412 nm = 14130 M
-
1·cm-1) measured at 412 nm. The percentage of thiol functionality was calculated using the 
following equation: 
% thiol functionality = [(Aλ 412/ε λ 412 x l)/CPDMA115-SH] x 100 % 
 
 
   
 
 
Figure S14. (A) SEC chromatograms (THF eluent, PSTY standards) of PDMA-CTA before aminolysis (red line) 
and PDMA-CTA after aminolysis (blue line). Double molecular weight shoulder resulted from thiol-thiol 
coupling; (B) SEC chromatograms (THF eluent, PSTY standards) from the UV detector operating at 310 nm of 
PDMA-CTA before aminolysis (blue line) and PDMA-CTA after aminolysis (red line); (C) Ellman test to 
quantify thiol functionality of PDMA115-SH. Thiol functionality equals 72 %. 
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Preparation of functional polymer nanotadpoles 
RAFT-mediated emulsion polymerization of styrene with functional MacroCTAs in 
water. 
 R1-P(NIPAM44-co-STY1.5)-S(C=S)SC4H9 MacroCTA-A (0.0875 g, 1.69 x 10
-5 mol), 
R1-P(NIPAM47-co-DMA33)-S(C=S)SC4H9 MacroCTA-C (0.0875 g, 1.078 x 10
-5 mol) and 
SDS (7.25 mg, 2.5 x 10-5 mol) were dissolved in cold water (3.25 g) in a Schlenk tube. The 
mixture was deoxygenated by purging with Argon for 20 min. AIBN (0.45 mg, 2.77 x 10-6 
mol) was dissolved in styrene (0.16 g, 1.55 x 10-3 mol) and then the solution was injected into 
the Schlenk tube. The mixture was then purged with Argon for another 5 min in an ice bath, 
heated to 70 °C and the polymerization carried out at this temperature for 4 h. The reaction 
was stopped by exposure to air at 70 °C, and the polymer latex characterized by SEC, 1H 
NMR and DLS. 
 For synthesis of functional nanotadpoles, different functional PNIPAM MacroCTAs 
were mixed at different weight ratios (see Table 1 in manuscript). The total mass of all 
functional PNIPAM MacroCTAs was equal to 0.175 g. For example, Expt. 3 (Table S2), R1-
P(NIPAM44-co-STY1.5)-S(C=S)SC4H9 MacroCTA-A (0.0875 g, 1.69 x 10
-5 mol), R1-
P(NIPAM47-co-DMA33)-S(C=S)SC4H9 MacroCTA-C (0.04375 g, 5.39 x 10
-6 mol), R2-
P(NIPAM47-co-DMA32)-S(C=S)SC4H9 MacroCTA-D (0.04375 g, 5.61 x 10
-6 mol)  and SDS 
(7.25 mg, 2.5 x 10-5 mol) were dissolved in cold water (3.25 g) in a Schlenk tube. The 
mixture was deoxygenated by purging with Argon for 20 min. AIBN (0.46 mg, 2.8 x 10-6 
mol) was dissolved in styrene (0.1627 g, 1.56 x 10-3 mol) and then the solution was injected 
into the Schlenk tube. The mixture was then purged with Argon for another 5 min in an ice 
bath heated to 70 °C and the polymerization carried out at this temperature for 4 h. The 
reaction was stopped by exposure to air at 70 °C. 
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Table S2. RAFT-mediated emulsion polymerization of styrene with MacroCTAs at 70 °C in water for 4 h using SDS as surfactant and 
AIBN as initiator. 
 
 
 
 
 
 
 
 
 
a – A: R1-P(NIPAM44-co-STY1.5)-S(C=S)SC4H9, B: R2-PNIPAM47-S(C=S)SC4H9, C: R1-P(NIPAM47-co-DMA33)-S(C=S)SC4H9, D: R2-P(NIPAM47-co-
DMA32)-S(C=S)SC4H9, E: R3-P(NIPAM43-co-DMA31)-S(C=S)SC4H9. 
b –Weight ratio of different MacroCTAs. c –Conversions were obtained by gravimetry. 
d – Theoretical molecular weights were calculated based on the monomer conversions and using Equation S1 below. e – Molecular weights (Mn(NMR)) were 
obtained from 1H NMR. f – DMAc + 0.03 wt.% LiCl as eluent with polystyrene as calibration standard . g – Particle size (Dh) and the polydispersity index 
(PDI) of latex were measured by DLS at 70 oC immediately after stopping the reaction. PDI(DLS) <0.1 means narrow distribution. 
 
 
	(ℎ	
) = ∑  ,() + ,.∑ !"#$%&'(()( )    (Equation S1) 
 
where xi is the mole fraction of MacroCTA(i); Mn,MacroCTA(i) is the number-average molecular weight of MacroCTA(i); Conv. is the 
fraction conversion of styrene in the second block polymerization; nSTY and nMacroCTA(i) are the initial moles of styrene and 
MacroCTA, respectively; and Mw,STY is the molecular weight of styrene (i.e. 104.15). 
 
Exp. MacroCTAsa Weight ratiob Conv. 
%c 
Mn 
theoryd 
Mn 
(1H 
NMR)e 
STY  
Units 
(1H 
NMR)e 
SEC Triple 
detection (DMAc)f
 
SEC RI (DMAc)f Dh
DLS 
g,nm 
PDIDLS
g 
Mn PDI Mn PDI 
1 A:C 0.5:0.5 68 10300 10380 39 9780 1.11 15760 1.21 117 0.079 
2 A:C 0.4:0.6 73 10700 11200 44 10800 1.11 16510 1.28 114 0.101 
3 A:C:D 0.5:0.25:0.25 72 10460 10970 45 10950 1.14 16600 1.26 112 0.096 
4 A:C:E 0.5:0.25:0.25 84 11400 11700 50 11280 1.10 20580 1.26 114 0.099 
5 A:E 0.5:0.5 73 10640 11065 43 11095 1.10 17790 1.30 131 0.079 
6 A:C:D:E 0.5:0.166:0.167:0.167 72 10700 11100 44 11900 1.10 17500 1.21 117 0.094 
7 A:C:D:E 0.5:0.25:0.125:0.125 73 10800 11230 45 11700 1.10 18500 1.22 119 0.081 
8 A:D:E 0.5:0.25:0.25 81 11200 11460 48 11980 1.10 19000 1.21 112 0.097 
9 A:B:C 0.4:0.1:0.5 64 10400 10320 35 11600 1.09 19550 1.19 136 0.084 
10 A:B:C:E 0.4:0.1:0.25:0.25 82 11300 11180 45 13840 1.09 22730 1.18 123 0.099 
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Figure S15. SEC traces (RI detector) of  PNIPAM-b-PSTY with different functional groups by RAFT 
dispersion polymerization in water: (A) A:C = 0.5:0.5, (B) A:C = 0.4:0.6, (C) A:C:D = 0.5:0.25:0.25, 
(D) A:C:E = 0.5:0.25:0.25, (E) A:E = 0.5:0.5, (F) A:C:D:E = 0.5:0.166:0.167:0.167, (G) A:C:D:E = 
0.5:0.25:0.125:0.125, (H) A:D:E = 0.5:0.25:0.25, (I) A:B:C = 0.4:0.1:0.5, (J) A:B:C:E = 
0.4:0.1:0.25:0.25. (A) R1-P(NIPAM44-co-STY1.5)-S(C=S)SC4H9, (B) R2-PNIPAM47)-S(C=S)SC4H9, 
(C) R1-P(NIPAM47-co-DMA33)-S(C=S)SC4H9, (D) R2-P(NIPAM47-co-DMA32)-S(C=S)SC4H9, (E) R3-
P(NIPAM43-co-DMA31)-S(C=S)SC4H9. DMAc + 0.03 wt.% LiCl as eluent with polystyrene as 
calibration standard. 
 
Preparation of tadpoles by temperature directed morphology transformation method 
(TDMT) 
For all emulsion polymerizations, the reaction vessel was opened to the air to stop the 
polymerization and further stirred at 70 °C for 4 h to remove unpolymerized STY. The latex 
(1 mL) at 70 °C was mixed with 20 µL toluene, cooled to 34 °C, and left to stand at 34 °C for 
15 h before analysis by TEM. In Expts 4-10 (Table S2), 40 µL toluene per 1 mL of latex was 
used instead of 20 µL. 
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Investigation of temperature effect on tadpole morphology: After polymerization, the 
reaction vessel was opened to the air to stop the polymerization and further stirred at 70 °C 
for 4 h to remove unpolymerized STY. (A) 0.5 mL of latex solution at 70 °C was mixed with 
10 µL toluene (20 µL/mL toluene) and immersed at 57 °C water-bath for 15 h before TEM 
characterization, (B) 0.5 mL of latex solution at 70 °C was mixed with 10 µL toluene (20 
µL/mL toluene) and immersed at 52 °C water-bath for 15 h before TEM characterization, (C) 
0.5 mL of latex solution at 70 °C was mixed with 10 µL toluene (20 µL/mL toluene) and 
immersed at 45 °C water-bath for 15 h before TEM characterization, (D) 0.5 mL of latex 
solution at 70 °C was mixed with 10 µL toluene (20 µL/mL toluene) and immersed at 34 °C 
water-bath for 15 h before TEM characterization. 
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Figure S16. TEM images of functional tadpoles made by RAFT-mediated emulsion polymerization 
followed by TDMT procedure; i.e. cooled to 34 oC: (A) A:C = 0.5:0.5 (Exp. 1), (B) A:C = 0.4:0.6 
(Exp. 2) , (C) A:C:D = 0.5:0.25:0.25 (Exp. 3), (D) A:C:E = 0.5:0.25:0.25 (Exp. 4), (E) A:E = 0.5:0.5 
(Exp. 5), (F) A:C:D:E = 0.5:0.166:0.167:0.167 (Exp. 6), (G) A:C:D:E = 0.5:0.25:0.125:0.125 (Exp. 
7), (H) A:D:E = 0.5:0.25:0.25 (Exp. 8), (I) A:B:C = 0.4:0.1:0.5 (Exp. 9), (J) A:B:C:E = 
0.4:0.1:0.25:0.25 (Exp. 10). (A) R1-P(NIPAM44-co-STY1.5)-S(C=S)SC4H9, (B) R2-PNIPAM47-
S(C=S)SC4H9, (C) R1-P(NIPAM47-co-DMA33)-S(C=S)SC4H9, (D) R2-P(NIPAM47-co-DMA32)-
S(C=S)SC4H9, (E) R3-P(NIPAM43-co-DMA31)-S(C=S)SC4H9.   
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Figure S17. Transmission electron microscopy (TEM) of freeze-dried tadpoles over time in water 
(Exp. 1). A) Before freeze-drying; B) after freeze-drying and redispersion in water for 24 h; C) kept in 
water for 2 months after redispersion in water; D) kept in water for 5 months after redispersion in 
water. 
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Figure S18. Transmission electron microscopy (TEM) images of nanostructures at different 
temperatures for latex from Exp. 1. See 'Investigation of temperature effect on tadpole 
morphology' procedure above. (A) 57 °C; (B) 52 °C; (C) 45 °C; (D) 34 °C.  
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The determination of extinction coefficient (λ = 342 nm) of 2-mercaptopyridine in PBS 
buffer (0.1 M) pH =8 
 
Figure S19. Determination of extinction coefficient of 2- mercaptopyridine (ε342nm = 7360 M
-1·cm-1, λ 
= 342 nm) in PBS (0.1 M) buffer pH = 8. 10 solutions of 2-mercaptopyridine with different 
concentrations were prepared and the absorbance of each solution was measured at λ = 342 nm. Then, 
absorbance of solutions was plotted against concentrations and extinction coefficient was determined 
as value of slope trace.  
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Functionalization of pyridine disulphide (R2) nanostructures with L-glutathione (GSH), 
1-thiolglycerol or poly(N,N-dimethylacrylamide)-SH (PDMA-SH) 
Functionalization of tail: 20% (mol.) freeze-dried pyridyl disulphide functional tadpoles (13 
mg, PDS 2.6 x 10-7 mol) was redispersed in 0.3 mL of Milli-Q water to get 4 wt. %. L-
glutathione reduced (GSH), 1-thiolglycerol or PDMA-SH (5 eq) was added to the 
nanostructures’ suspension and vortexed for 30 s. The mixture was kept at 23 °C for 6 h. 
After 6 h, 50 µL reaction mixture was taken and diluted by adding 0.95 mL PBS buffer (0.1 
M, pH=8). The mixture was vortexed and centrifuged at 16,000 rpm for 20 min. The 
supernatant was then measured by UV-Vis (λ = 342 nm, ε = 7360 M-1·cm-1) to quantify the 
reaction efficiency based on releasing of 2-mercaptopyridine. 
 
Functionalization of head: The procedure for functionalization of head is identical to the 
procedure of functionalization of tail apart from 12 mol. % freeze-dried pyridyl disulphide 
functional tadpoles were used for functionalization of head and for UV-Vis measurement 
sample was diluted in 7 times. 
 
Table S3. Reaction efficiency of 20 % (mol.) PDS nanostructures with thiol compounds to 
functionalize tail of tadpole 
Type of morphology Reaction efficiency with thiol compoundsa 
GSH 1-Thiolglycerol PDMA115-SH 
Nanotadpoles 60 ± 2 % 63 ± 2 % 61 ± 2 % 
a – Calculated based on the release of 2-mercaptopyridine which has absorbance at 342 nm, ε = 7360 M-1·cm-1. 
 
Table S4. Reaction efficiency of 12 % (mol.) PDS nanostructures with thiol compounds to 
functionalize head of tadpole 
Type of morphology Reaction efficiency with thiol compoundsa 
GSH 1-Thiolglycerol PDMA115-SH 
Nanotadpoles 42 ± 2 % 51 ± 2 % 35 ± 2 % 
a – Calculated based on the release of 2-mercaptopyridine which has absorbance at 342 nm, ε = 7360 M-1·cm-1. 
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Figure S20. UV-Vis spectra of released 2-mercaptopyridine after the conjugation of L-
glutathione (GSH) (green), 1-thioglycerol (red) and PDMA115-SH (blue) with 20 % mol. PDS 
functional tadpoles (Exp. 3, Table 1). 
 
 
Figure S21. UV-Vis spectra of released 2-mercaptopyridine after the conjugation of L-
glutathione (GSH) (green), 1-thioglycerol (red) and PDMA115-SH (blue) with 12 % mol. PDS 
functional tadpoles (Exp. 9, Table 1). 
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Figure S22. Transmission electron microscopy (TEM) images of  20 mol. % PDS nanostructures 
(Exp. 3, functionalization of tail) : (A) after freeze-drying and redispersing in water, (B) after 
conjugation with L-glutathione reduced, (C) after conjugation with 1-thioglycerol, (D) after 
conjugation with PDMA115-SH. 
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Figure S23. Transmission electron microscopy (TEM) images of 12 mol. % PDS nanostructures 
(Exp. 9, functionalization of head): (A) after freeze-drying and redispersing in water (before reaction), 
(B) after conjugation with L-glutathione reduced, (C) after conjugation with 1-thioglycerol, (D) after 
conjugation with PDMA115-SH.  
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Figure S24. Head diameter distribution of 12 % mol. PDS functional tadpoles (Exp. 9, Table 1): (A) 
before reaction, (B) after conjugation with L-glutathione reduced, (C) after conjugation with 1-
thioglycerol, (D) after conjugation with PDMA115-SH. These data were determined from a 170 
particle sample size. 
 
Functionalization of alkyne (R3) functional nanotadpoles with PEG-N3 by CuAAC 
‘click’ reaction in water 
PEG46-N3 (4.2 mg, 2.074 x 10
-6 mol) was dissolved in Milli-Q water (0.8 mL). The freeze-
dried nanotadpoles (43 % mol. alkyne functionality, 48.8 mg, 4.63 x 10-6 mol, 2 x 10-6 mol 
alkyne) were dispersed in the above solution to form a white suspension mixture. The 
mixture was deoxygenated by purging with Argon for 40 min. CuSO4 (0.48 mg, 2.98 x 10
-6 
mol) was dissolved in 0.35 mL of Milli-Q water and purged with Ar for 20 min. Ascorbic 
acid (1.4 mg, 7.96 x 10-6 mol) was dissolved in 0.35 mL of Milli-Q water and purged with Ar 
for 20 min. Ascorbic acid solution was injected to the suspension of nanotadpoles and PEG46-
N3 by degassed syringe followed by the injection of CuSO4 solution. After 19 h of stirring at 
23 °C, the reaction was stopped by exposure to the air and the suspension was dialysed 
against Milli-Q water (1L, change water every 4 h) for 5 days by using a dialysis membrane 
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(MWCO 10 kDa, Thermo Scientific). The suspension after dialysis was freeze-dried to get 
white powder product. 
 
 
 
Figure S25. 
1H NMR spectra (500 MHz, CDCl3, 298 K) of post-functionalization of 43 % (mol.) 
alkyne functional nanotadpoles (Exp. 5) by CuAAC ‘click’ reaction with PEG46-N3. Click efficiency 
was calculated based on protons belonged to PEG. 
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Figure S26. TEM images of 43 % (mol.) alkyne functional nanotadpoles (Exp. 5): (A) before CuAAC 
‘click’ reaction with PEG46-N3, (B) after CuAAC ‘click’ reaction with PEG46-N3. 
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Figure S27. Transmission electron microscopy (TEM) of structures from Exp. 1 cooled from 70 to 34 oC in the presence of varying amounts of toluene to 
latex (v/v) (A) no added toluene, (B) 5 µL/mL toluene, (C) 15 µL/mL toluene, (D) 20 µL/mL toluene, (E) 30 µL/mL toluene, and (F) 40 µL/mL toluene. 
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